Introduction: Tea leaves are rich in several polyphenolics and flavonoidal compounds that could potentially have health-promoting properties. The objective of the present study was to analyze the antioxidant capacity of black tea and to study the effect of addition of fresh milk and packed milk on the phenolics concentrations and antioxidant efficacy. Methods: The black tea infusion (BT), black tea infusion with fresh milk (BTFM) & black tea infusion with packed milk (BTPM) samples were comparatively analyzed for total phenolics, flavonoids and HPLC profiling of major phenolic content. All samples were investigated for their total antioxidant capacity and glutathione level in different organs (brain, liver, kidney and heart). Results: The results shown that BT(black tea infusion) had higher total phenolics and flavonoids followed by BTPM (black tea infusion with packed milk) and then the BTFM (black tea infusion with fresh milk). The analytical HPLC results obtained also indicated that BT contained higher amount of catechins and garlic acid derivatives than BTFM, and BTPM may be due to chelation of free phenolics with some fats and protein in the tested milk samples, which reduces the levels of free phenolics significantly. Concerning antioxidants capacity both tested milk samples reduced antioxidant capacity to more than 50% in different tested tissues. Conclusion: We conclude that black tea is a valuable source of antioxidants and that the inhibitory effect of milk on the total antioxidant capacity may be related to complex formation of the fat & protein content of the milk with major phenolics in the black tea.
INTRODUCTION
Tea, Camellia sinensisis one of the most drinks which consumed daily routine by most people after water. It cultivates best in tropical and subtropical areas with different levels of total phenol mostly flavonoid compounds. [1] [2] [3] Antioxidant capacity of tea polyphenolics particularly widely studied in literatures. The flavonoids and tannins have potent antioxidant activity and therefore have been suggested for health benefits such as cancer and coronary heart disease risk reduction and also responsible for the flavor and color of tea. In fermented (Black Tea) type, fermentation stage was occurred before drying and steaming and thus, oxidization of catechin was carried out by active polyphenol oxidase in controlled temperatures and humidity. Result in, polymerisations of catechins were occurred and theaflavins and the arubigins instead of catechin were induced. [4] [5] [6] According to some studies phenolic compounds in tea reduce the human cardiovascular diseases and cancer mortality. 6 In a some countries such as Egypt, Iran and India in some area, tea is usually consumed with milk. According to some in vitro study, milk proteins interact with tea polyphenols and reduce total antioxidant activity. Currently, consuming tea with milk significantly changes the biological activities of tea. 7, 8 The present study aimed to estimate effect of milk addition on the phenolic components and antioxidant properties of one tea brand.
MATERIALS AND METHODS

Plant material
The tea leave sample and milk were purchased from a supermarket in the Cairo. The black tea sample (4 g) was infused in 100 ml of boiling water in a flask for 30 min. for preparation of mixture milk with tea, 50 ml of tea mixed with 50 ml of pre warmed fresh cow milk or 50 ml of packed milk. After extraction for 30 min all samples were decanted and dried by freeze drying processes for 48 hours. The lyophilized infusion were stored at the temperature of 4ºC for further analysis. Each of the extraction were done in a triplicate terms (n=3).
Determination of total phenolic compounds
Total phenol content (TPC) was determined according to the Folin-Ciocaltue assay method as reported in 9 Briefly, 300 µL of the sample, in triplicate terms, were introduced into the test tubes, followed by 1.5 ml of Folin-Ciocaltue reagent (diluted up to tenfold with distilled water) and 1.2 ml of sodium carbonate (7.5%, w/v). The tubes were mixed and placed in a dark room for 30 minutes at room temperature. The absorbance was measured at 765 nm using UV-visible spectrophotometer (Shimadzu UV-160A PC Shimadzu Corporation, Kyoto, Japan), and subsequently Gallic acid was used for constructing the standard curve. The TPC was expressed as mg gallic acid equivalent (GAE), per 100 g wet weight material. Gallic acid standard were prepared by diluting 100 mg of pure Gallic acid in one liter of distilled water. A series of standard Gallic acid were prepared at 20, 40, 60, 80 and 100 mg of pure Gallic acid concentration as the reference curve.
Determination of total flavonoid content
Total flavonoid content (TFC) was determined according to the method proposed in 10 by using the aluminium trichloride. Briefly, 500 µl of the extract solution was added to a test tube with 2.5 ml of distilled water, subsequently, about 150 µl of sodium nitrite solution (5% w/v) was added to the mixture and kept for 5 minutes, followed by adding 300 µl of aluminium chloride. At the 6th minute, 1 ml of 1 M sodium hydroxide (NaOH) was added to the solution. The mixture was further diluted with 550 µl of distilled water and shaken vigorously. The absorbance of the mixture was measured at 510 nm using UV-visible spectrophotometer Shimadzu UV-160A PC, Shimadzu Corporation, Kyoto, Japan) and the TPC was expressed as mg quercetin (QE) per100 g sample.
Determination of total phenolic and flavonoid content by Micro plate reader analysis
Determination of total phenolics by microtiter plate folin-ciocalteu method for the assessment of polyphenols as described by Attard. 11 Total flavonoids was quantified by High-throughput micro plate assays for screening flavonoid content as described by Herald. 12 Microplate reader Fluo Star Omega were used in both cases. Gallic acid was used as standards for determination of total phenolics. Gallic acid stock solution of 1 mg/ml in methanol was prepared, and 7 serial dilutions were prepared in the concentrations of 500, 250, 125, 62.5, 31.2, 15.6, and 7.8 µg/ml. Rutin was used as standards for determination of total flavonoids. Rutin stock solution of 1 mg/ml in methanol was prepared, and 6 standards were prepared in the concentrations of 1000, 500, 250, 150, 100, and 50 µg/ml. Solutions of tested samples of black tea labelled "BT" and black tea with milk (1:1) labelled "BTM" were prepared in concentration of 0.5 mg/ml in water .Each of the 7 gallic acid standards and 2 tested samples were pipetted in the plate wells in 6 replicates and measurement was performed at 630 nm Each of the 6 Rutin standards and 2 tested samples were pipetted in the plate wells in 6 replicates and measurement was performed at 510 nm.
HPLC analysis
Sample Preparation: 0.04 g of lyophilized black tea (BT) & back tea milk (BTM) samples were dissolved in 1 ml 70% methanol and kept in 70ºC water bath for 30 minutes. The extracts were cooled to room temperature and diluted to 2 ml. Before injection, the tea extracts were filtered using 0.2 µm filter and further diluted 200 times using mobile phase A. The wines were filtered using 0.2 µm filter before injection. 10 µl injections were used for the tea extracts samples.
HPLC conditions
HPLC: Prominence (Shimadzu, Duisburg, Germany)Column: 4.6mm x 250mm Phenomenex phenyl hexyl Luna column Mobile phase A: 5% acetonitrile, 1% acetic acid in water Mobile phase B: 95% acetonitrile, 1% acetic acid in water Flow Rate: 1 ml/min Gradient: 0-5 min 5% B, 5.50 min increase to 13% B, 9 min increase to 15% B, kept to 44 min, 45 min increase to 95% B, then re-flushing to 5% B.
HPLC standards
A mixture of caffeine, gallic acid and 8 catechins (epigallocatechin (EGC), epicatechin 5 , epigallocatechin gallate (EGCG), epicatechin gallate (ECG), gallocatechin (GC), catechin (C), gallocatechin gallate (GCG), catechin gallate (CG) were used for method development and generating calibration curves.
Antioxidant activity
Animals
Adult male albino rats, Sprange Dawely strain weighing between 140 and 150 g, were obtained from National Research Center Animal House Dokki, Giza. The rats were maintained in an animal house with standard facilities. The animals were housed in clean cages and maintained at 25°C under 12 h light-dark cycle, and they were fed with standard feed from (vitamin mixture 1%, mineral mixture 4%, corn oil10%, Sucrose 20%, cellulose 0.2%, casein 95% pure 10.5 % and starch 54.3%.
All the pharmacological experiments protocols were conducted according to the ethical norms approved by the National Research Center and followed the recommendations of NRC of Health Guide for care and use of laboratory animals
Experimental design
The experimental animals were divided into five groups, each comprising of six animals as detailed in the following.
Group 1: control rats received 1 ml saline Group 2: Rats given vitamin E (7.5 mg/kg b.wt/day) in aqueous solution orally for 30 days.
Group 3: Rats given lyophilized black tea extract (10 mg/kg b.wt/day) in aqueous solution orally for 30 days.. Group 4: Rats given lyophilized black tea fresh milk mixture extract (10 mg/kg b.wt/day) in aqueous solution orally for 30 days.
Group 5: Rats given lyophilized black tea packed milk mixture extract (10 mg/kg b.wt/day) in aqueous solution orally for 30 days.
At the end of the total experimental period after one month, the animals were fasted overnight, anaesthetized and sacrificed, by cervical dislocation.
Preparation of tissue homogenate
The Brain, liver, kidney and heart tissues from the control and experimental groups of rats were excised and rinsed with ice-cold saline. The preparation of tissue homogenates was done by a known amount of the tested tissues, homogenized in 0.1 M Tris-HCl buffer, pH 7.4 at 4°C, in a Potter-Elvehjem homogenizer with a Teflon pestle at 600 g for 3 min. The homogenates were centrifuged at 3,000 g for 10 min at 4°C using Sorvall refrigerated centrifuge. The supernatant was collected as tissue homogenate, and stored at -80°C for the determination of Total antioxidant capacity as described by (Koracevic et al) 13 & Glutathione reductase GSH as described by (Kaya et al). 14 
RESULTS
Results display means values ± standard deviation (n = 3). abc Mean with different superscripts in column indicate significantly different (p<0.05) among treatments. ABC Mean with different superscripts in rows indicate significant difference (p<0.05) among samples. Figures (1 & 2) ) BT recorded the highest total phenolic and flavonoids concentration. Total phenolic contents of BT infusion (180 & 231 mg /g dry wt) and flavonoids (151 & 123 mg/ g dry wt) was determined. Addition of milk in BTFM & BTPM samples reduce free phenolics and flavonoids but reduction in flavonoid is minor and non-significant when compared to a significant reduction in total phenolics. Effect of both types of milk nearly the same and no significant differences between the effects of the two tested types of milk when added to BT sample. Generally, HPLC results (Table 3 and Figures 3 & 4) recorded similar phenolics in all tested samples black tea BT and black tea with milk BTM. Caffeine, gallic acid derivatives and some catechins are the main polyphenols in both samples. All detected phenolics in BT were higher valued than BTM except ECG. Addition of milk to black tea significantly reduce concentration of major gallic and catechin derivatives and this results support previouse results of quantitative determination of total phenolics. The analytical HPLC results may be due to chelation process of milk fats & protein with free phenolics in the tea, which reduces the levels of catechin and gallic acid derivatives significantly.
In both quantitative methods (Tables (1 & 2) &
Result of determination of antioxidant capacity of tested samples (Table 4 and Figure 5 ) revealed that both types of milk reduced total antioxidant capacity of tested black tea sample and glutathione level in different organs. The total antioxidant capacity of BT ranged from 3.4 to 4.8 in all tested organs while glutathione level ranged from 5.7 to 6.2 and in tea + milk blend (BTFM & BTPM) total antioxidant capacity were reduced in all organs and ranged from 2.3 to 2.9 while glutathione level ranged from 4.3 to 5.4 Black tea had the highest antioxidant activity while addition of milk reduced this activity to nearly 1/2 the power and both type of mil either fresh or packed exerted the same effect.
DISCUSSION
Although the antioxidant capacity and glutathione level were relatively high in black tea sample, the antioxidant activity generally decreased significantly (p < 0.05) with addition of milk in equal amount to tea and it was significantly lower both antioxidant capacity and glutathione reductase level. The decrease in antioxidant activity with addition of milk reveals an interaction between tea polyphenols and milk proteins and HPLC results in this study confirmed this fact as concentration of free polyphenols were decreased in tea milk sample BTM when compared to BT without milk. These findings are comparable to those obtained by 15 who showed that the addition of milk to black tea inhibited the pharmacological activity of tea in cardiovascular endothelial functions while tea without milk had positive effects on the same. Catechins & gallate derivatives correlated positively with antioxidant activity in black tea and some studies investigate the interaction of individual milk proteins with catechins, the casein proteins were found to decrease the polyphenolic levels [15] . The lowering of black tea antioxidant potency by mixed milk may therefore be attributed to the interaction and binding of tea catechins by casein proteins. The interaction and binding of polyphenols to milk proteins depends both on the types of both polyphenol and protein. Polyphenols with a galloyl moiety as recorded in HPLC results, have high number of hydroxyl groups and large molecular size so have strong binding affinity to the milk proteins. 16 Binding of the tea phenolics by the milk proteins diminishes their ability to donate hydrogen atoms, 17 that stabilize the free radicals and hence the deterioration in antioxidant potency. These proteins have mostly high binding affinity towards galloylated molecules that significantly contribute to the antioxidant activity of black tea. Binding of the polyphenolics by milk proteins disguises the active sites such that they do not attain their optimum radical-scavenging capacity. 17
Control saline
CONCLUSION
Percentages of Total polyphenols, and antioxidant activity were significantly (P<0.05) decreased by addition of milk to black tea. Generally, antioxidant activities of black tea infusion approximately 2 fold greater than milk-tea mixture. HPLC analysis confirmed these results as catechins and other polyphenolics were diminished nearly to ½ concentration by addition of milk to black tea. The bioactive molecules identified in black teas in this study by HPLC established that black tea possess strong antioxidant power. Addition of extra ingredients, as milk, lowers the antioxidant capacity of tea, which is associated with the positive health effects of the common beverage in Egypt and other countries and therefore tea preparation and consumption habits as milk addition should be modified or reduced so as to maximize potential health benefits of black tea. Further studies are, however, required to assess the isolated molecules and their optimum intake levels, as metabolism of these compounds differs in different body tissues.
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